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Loon husbandry



UMESC Capabilities



General objectivesGeneral objectives

1. develop a mechanistic model to predict
tissue concentrations as a function of
dietary exposure.

2. quantify mercury exposure associated
with negative effects on loon chick
survival and fitness.



Loon blood and 
tissue [Hg]

atmospheric Hg (Hg0)

methylation

fish tissue [Hg]
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Objective 1: mechanistic modelObjective 1: mechanistic model

• mercury uptake

• mercury assimilation

• mercury excretion



“Black box”“Black box”

• rate of food intake

• mercury content of food

• assimilation of mercury

• rate of excretion

• tissue partitioning

laboratory

field



Rate of food intake

• based on total energy budget

• measured with doubly labeled water

int ake = respiration + production



Doubly labeled water (HH2O18)Doubly labeled water (HH2O18)

• label the body water pool

• H leaves the body as water

• O leaves the body as water and CO2

• the ratio of turnover of H and O gives the

amount of CO2 produced



Doubly labeled waterDoubly labeled water

H2

O18 free-ranging

initial
enrichment

final enrichment

2 hrs

48 hrs



Bioavailability and excretionBioavailability and excretion

• administer single pulse dose

• intravascular and oral routes

• monitor concentration in blood over time

• determine bioavailability and excretion



Methods

• collect eggs from nests (n = 8)

• incubate and hatch at UMESC

• assign chicks to groups (4/group)

• blood collection
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Bioaccumulation model

Ct = total body burden (µg/g)

α = bioavailability
R = daily rate of food intake (g food/g loon x day)
Cf = mercury content of food (µg/g)
ke = excretion rate constant (day-1)
C0 = initial body burden (µg/g)

αRC
Ct =

f

ke
1 − e − ke t( )+ C0 e− ke t



Energy and Food Requirements

Chick Age (d) DEE (kJ/d) Food intake
(g/d)

10 645 144

21 721 160

35 1819 406
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Bioavailability

AUC = (area under the curve)

     81% MeHg Bioavailability

f = AUCoral

AUCiv



0 28 56 84 112 140

Time Post-Dosing (days)

0.01

0.10

1.00
B

lo
od

 H
g 

(u
g/

g 
w

et
)

35 days
84 days

Dosing Age

Hg Elimination by Common Loon Chicks
Varies with Age



Major Findings on Absorption and
Elimination of Methyl mercury

• 81% of ingested methyl mercury is
absorbed

• during feather growth the half-life for
elimination is 3-10 days

• after completion of feather growth, half-life
for elimination is >100 days



Bioaccumulation model

Ct = total body burden (µg/g)

α = bioavailability
R = daily rate of food intake (g food/g loon x day)
Cf = mercury content of food (µg/g)
ke = excretion rate constant (day-1)
C0 = initial body burden (µg/g)

αRC
Ct =

f

ke
1 − e − ke t( )+ C0 e− ke t
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Objective 2: dose-responseObjective 2: dose-response

• level of MeHg that reduces survival and fitness

• chronic exposure experiment

• physiological and histological endpoints

• behavioral assays



Methods

• collect eggs from 2 lake classes

• incubate and hatch at UMESC

• assign to 4 groups (4/raceway)

• daily dosing

• blood collection

• euthanize birds and collect organs

and tissues



Chronic Exposure for 105 days





'DLO\�PHWK\OPHUFXU\�GRVH��FRQWURO������ J�J�
���� J�J��RU����� J�J��ZDV�EDVHG�RQ�IRRG�LQWDNH



Dose-Response : Blood Hg at 15 Weeks
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Hg Residue Levels (ug/g) in
Common Loon Tissues (1999)
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Blood and tissue residue levels

Blood and tissue oxidative stress

DNA damage

Immune function

Physiological Endpoints



Mean Oxidative Stress Enzyme Levels:
Brain (1999)
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Incidence of Bacterial Infection
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Mean PHA-P Skin Response
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Mean Primary Antibody Response
(1999)
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Radio-telemetry
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Summary: Common loons & Hg

• Kinetics of Hg absorption and elimination have
been described

• In conjunction with field feeding rates and fish Hg
levels, we should be able to predict exposure

• Dose-response studies should enable us to predict
effects over ecologically relevant exposure levels

• Because of dosing irregularities, we have yet to
establish an accurate relationship between mercury
intake and blood mercury exposure



•Results of the dose-response work so far are
inconclusive with respect to whether the current exposure
levels in WI negatively impact loon chick health

–No impact on survival and no overt signs of neurotoxicity

–Suppression of instantaneous growth rate at lower treatments
but not at high treatment level

–No indication of behavioral effects with Hg exposure

–No convincing negative physiological or histological
findings

–Analytical power associated growth and immune function
measures may be insufficient to detect differences at the
resulting sample sizes

•Lake pH is an important ecological confounding factor
that may cause effects correlated with Hg exposure



Proposed Workplan 2002

• Establish accurate relationship between Hg
intake and blood Hg exposure

• Validate predictions of the pharmacokinetic
model

• Integrate loon model with R-MCM
• Additional tissue partitioning data
• Increase sample size to increase power of

analyses of growth and immune function
assays

• WDNR/USGS budget - $ 200k
• Tetra-Tech, Inc. budget - ?
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